Objective: Evaluate contamination on the external surfaces of cyclophosphamide vials available on the Canadian market during storage in pharmacy departments and the efficacy of decontaminating the external surfaces of vials using various cleaning techniques.
INTRODUCTION
While hazardous drugs are widely used in healthcare facilities, this use has significant consequences, as most agents have a carcinogenic, teratogenic or mutagenic potential and may be toxic to various organs or reproduction. Over the past two decades, a number of studies have documented the presence of hazardous drugs in the urine of pharmacy personnel and healthcare workers engaged in direct patient care, particularly in the hematology-oncology sector (Ensslin et al., 1994; Sessink et al., 1994; Minoia et al., 1998; Pethran et al., 2003; Turci et al., 2003) . Several studies have revealed the presence of contaminated hazardous drugs on work surfaces used for preparing and storing these products (Vandenbrouke and Robays, 2001; Schmaus et al., 2002; Hedmer et al., 2004; Acampora et al., 2005; Connor et al., 2005; Crauste-Manciet et al., 2005) . The publication of these findings prompted regulatory bodies, health agencies and occupational health and safety boards as well as professional associations to draft guidelines, policies and procedures to control the use of hazardous drugs and reduce the risk of occupational exposure (ASHP, 1990; USP, 2003; NIOSH, 2004; ASHP, 2006) . In Quebec, in 2008, the Association for Health and Safety in the Workplace, Social Affairs Sector [Association paritaire pour la santé et la sécurité du travail du secteur des affaires sociales (ASSTSAS)] published practical guidelines on the handling of hazardous drugs intended for healthcare professionals (Gallant et al., 2008) .
The presence of varying concentrations of hazardous drugs has led healthcare professionals to speculate about the potential sources of contamination. Contamination may occur during various stages of the drug circuit, from purchasing and receiving products to storing, preparing and verifying container content and administering and disposing of waste. Whereas many studies have documented the presence of contamination during the preparation and administration stages of the hazardous drug circuit, there have been fewer data on contamination that occurs prior to drug preparation in hospital pharmacies. It must also be pointed out that contamination present in vials at the time of unpacking is as significant as that present in the rest of the subsequent process, including that found on pharmacy work surfaces. The goal of this study was to evaluate contamination on the external surfaces of vials of cyclophosphamide available on the Canadian market during pharmacy department storage and the efficacy of decontamination.
METHODS
This pilot study involved three phases conducted in collaboration with the Institut national de santé publique du Québec located in Quebec City (Quebec, Canada) and the Pharmaceutical Practice Research Unit [Unité de recherche en pratique pharmaceutique] of the Sainte-Justine University Hospital Center [Centre hospitalier universitaire Sainte-Justine (CHUSJ)] and the Association for Health and Safety in the Workplace, Social Affairs Sector (ASSTSAS) both located in Montreal (Quebec, Canada). As a result of a province-wide environmental monitoring program that was set up in Quebec in 2008, which made it possible to quantify cyclophosphamide, ifosfamide and methotrexate using work surface sampling, we focused on cyclophosphamide to conduct our assessment of the external surface contamination and decontamination of hazardous drug vials.
Healthcare facility
The CHUSJ is a 500-bed mother-child tertiary healthcare facility. In 2006-2007, the hematologyoncology program had 30 beds and 20 stretchers in the day center with an annual volume exceeding 800 admissions, 7800 patient days, 13 300 day care visits and .17 400 outpatient visits. Based on an active inventory of at least 100 hazardous drugs, the pharmacy department made nearly 35 000 sterile preparations and almost 12 000 non-sterile preparations for inpatients and outpatients during the 2006-2007 financial year. Of all the sterile preparations made during this period, 2000 mg vials of cyclophosphamide represented a total of 454 000 mg, all of which were prepared in a satellite pharmacy dedicated to hematology-oncology activities.
Products studied
Two Canadian manufacturers have obtained a notice of compliance for the parenteral administration of cyclophosphamide (CytoxanÒ and ProcytoxÒ). Product information is available at http: //205.193.93 .51/ dpdonline/searchRequest.do (accessed 2 July 2008). The two forms are only available as a powder for injection requiring redilution in a Class II Type B2 cabinet. Based on the products available on the Canadian market, we purchased twenty 2000 mg vials of CytoxanÒ powder for injection from a wholesaler, DIN 00602949 (# KF007, EXP January 2009), from Bristol Myers Squibb and twenty 2000 mg vials of ProcytoxÒ in powder for injection, DIN 02241800 (# 6J509 EXP October 2009), from Baxter Corporation. The vials purchased came from batches that were available at the time of the study based on the wholesaler's selection of his active inventory and came through a wholesaler using a strict packaging procedure for hazardous drugs. The drug vials were packaged with the intention of avoiding breakage and placed together in a plastic bag marked with a cytotoxic label. Everything was also wrapped in separate cardboard packaging when the purchases included non-hazardous drugs. On receipt, our pharmacy department personnel ascertained that no breakage had taken place and there were no noticeable traces of contamination in the form of powder.
Phase I: external surfaces of the commercial vials
In Phase I, surface samples from each of the 10 vials of ProcytoxÒ and 10 vials of CytoxanÒ were taken using a method adapted from Larson et al. (2002) . The technique consisted of sampling the external surfaces of each vial by wiping all the glass surfaces and external plastic cap covers with a 6 Â 8 cm WypallÒ X60 tissue (Kimberly Clark Professional, Newton Square, PA, USA) moistened with a 1 ml 10% MeOH and 90% 5 mM ammonium acetate solution. Sampling each of the vials lasted $20 s to optimize the quantity of cyclophosphamide collected. The duration of sampling was arbitrary but based on other techniques used for surface sampling. All the samples were taken by the same 766 K. Touzin et al. analyst over the whole course of the study. The experiment was carried out in the basement floor of the building expressly to avoid contamination of the main laboratory and to avoid exposure of the laboratory personnel. A surface of 1 Â 3 m (a conventional freezer) was covered with disposable diapers, and the experiment was carried out over this surface. The experimenters wore nitrile gloves throughout, and the gloves were changed between each single sample.
To measure the quantity of cyclophosphamide collected, the wipe was put in a 50 ml polypropylene tube along with an additional 10 ml of the sampling solution. It was then stirred mechanically for 10 min. The cyclophosphamide present in the supernatant was then measured using a ultra performance liquid chromatographic separation technique (UPLC-MS/ MS) on a Quattro Premier XE equipped with an Acquity UPLC system (Waters, Milford, MA) versus a calibration curve prepared in a matrix similar to that of the actual specimens. The chromatography was done on a 2.1 Â 50 mm 1.7 lm C 18 column (Waters Acquity UPLC BEH, Milford, MA) using a gradient from 10/90 5 mM methanol/ammonium acetate to 60/40 5 mM methanol/ammonium acetate in 2 min. The findings were expressed in ng ml À1 of cyclophosphamide in the supernatant as well as in ng per vial (since V t 5 11 ml). The quantification threshold for the cyclophosphamide was 2 ng per vial.
Phase II: cleaning the commercial vials
In Phase II, 10 vials from the same batch of ProcytoxÒ and 10 vials from the same batch of CytoxanÒ were cleaned. To achieve this, the entire surface of each vial was rinsed in 10 ml of deionized water and then wiped with a paper towel. After washing the vials, samples of the external surfaces of each of the cleaned vials of each product were collected and quantified according to the technique previously described in Phase I.
Phase III: cleaning vials intentionally contaminated with cyclophosphamide
Intentional contamination of vials with cyclophosphamide. During Phase III of the project, 30 empty sterile vials (50 ml vials-Laboratoire OmegaProduct # F-50-20R) were intentionally contaminated with a solution of cyclophosphamide at the theoretical rate of 20 ng per vial. A plastic tray 35 Â 45 cm was covered with a cloth (disposable diapers) and the bottles were deposited upon this cloth. Each bottle was immersed in the cyclophosphamide solution for a few seconds, redeposited upon the tray and allowed to dry. Once all the bottles had been immersed and dried, the washing experiments were allowed to begin. The vials were immerged in an aqueous solution of cyclophosphamide at a concentration of 200 ng/ml.
Validation of the intentional contamination. A validation step was performed to confirm the reproducibility of the immersion technique used. In order to validate the theoretical rate of 20 ng per vial, we measured the quantity of cyclophosphamide collected on three control vials directly after doing intentional contamination of them with cyclophosphamide (without any cleaning procedure).
Cleaning vials intentionally contaminated. Three different cleaning techniques were studied using nine vials and one additional vial was used as a control sample. Technique #1 consisted of wiping each contaminated vial with tissue similar to a J-cloth soaked in soapy water (Palmolive dishwashing liquid, Colgate-Palmolive Company, Toronto, Ontario, Canada). Technique #2 consisted of wiping each vial with the same sort of tissue soaked in soapy water (Palmolive dishwashing liquid, Colgate-Palmolive Company) and then wiping each vial with a dry tissue. In both techniques, the tissue used for cleaning was discarded after every four vials during the washing process. Finally, Technique #3 consisted of wiping each contaminated vial using a Wet Ones-style disposable wipe that was discarded after each vial.
Descriptive statistical analyses (mean, standard deviation, median, interval, etc.) were performed on the collected data (Microsoft Excel 2003, Seattle, WA, USA).
RESULTS
A total of 40 samples were collected during the first two phases of the pilot study. Table 1 presents the number of vials that revealed the presence of contamination on the external surfaces of cyclophosphamide during the first two phases of the study. During Phase I, we observed that nine of the vials of ProcytoxÒ (n 5 10) and four of the vials of CytoxanÒ (n 5 10) contained traces of cyclophosphamide. The average concentration of cyclophosphamide measured was higher on the ProcytoxÒ vials when compared with that obtained after the analysis of the CytoxanÒ vials. During Phase II, we observed that by simply washing vials with water we could eliminate any traces of cyclophosphamide on 6 of 10 ProcytoxÒ vials as well as the presence of detectable contamination on the surfaces of 10 of 10 CytoxanÒ vials that we tested.
Phase III of the study highlights the efficiency level according to the three different cleaning techniques used on intentionally contaminated vials by immersion procedure. These findings reveal the absence of surface contamination on the vials cleaned using cleaning Techniques #1 and #3. However, we noted that three vials cleaned using Technique #2 showed traces of cyclophosphamide. In fact, cyclophosphamide concentrations of 0.9-1.3 ng per vial were Cyclophosphamide contamination observed on the external surfaces of drug vials 767 measured on the surfaces of the three vials. Concentrations of cyclophosphamide detected on the three cyclophosphamide control vials were, respectively, 19.14, 14.63 and 59.6 ng per vial.
DISCUSSION
Several sources of contamination exist in the hazardous drug circuit in healthcare facilities. One of them is contamination on the external surfaces of vials that come directly from manufacturers that supply hospital centers with hazardous drugs. As a matter of fact, numerous studies have demonstrated the presence of contamination on the external surfaces of hazardous drug vials (Sessink et al., 1992; Ros et al., 1997; Hepp and Gentshew, 1998; Paul et al., 1998; Delporte et al., 1999; Nygren et al., 2002; Favier et al., 2003; Mason et al., 2003; Funck and Shierl, 2004; Connor et al., 2005; Hedmer et al., 2005; Iglesias, 2006) . The findings of these studies were obtained through various sampling techniques. Of the 12 studies compiled, nine used a sampling technique involving the wiping of vials that was similar to the one used in this study, whereas three used an immersion sampling technique instead. Various quantification methods were used and the hazardous drugs included in these studies were ifosfamide, fluorouracil, methotrexate, cisplatin, carboplatin and cyclophosphamide. Generally speaking, higher concentrations of hazardous drugs were detected (ng per vial) when the sampling was conducted using the wiping technique. With respect to cyclophosphamide, Sessink et al. (1992) The findings presented in these articles and those that emerged from studies carried out in various hospital centers in the US and Europe match those of our study. In fact, our study reveals that 13 of the 20 vials studied had levels of surface contamination that varied from 3.1 to 74 ng per vial of cyclophosphamide, which is comparable with the concentrations published in the documentation. Furthermore, many studies have documented contamination of work surfaces in pharmacy areas by cyclophosphamide (Minoia et al., 1998; Connor et al., 1999; Vandenbrouke and Robays, 2001; Schmaus et al., 2002; Acampora et al., 2005; Crauste-Manciet et al., 2005; Harrison et al., 2006; Hedmer et al., 2008) . However, the level of contamination detected on the vials cannot be compared to the results obtained on work surfaces because different sampling, analytical and measurement techniques (ng per vial versus ng cm À2 ) are used.
Why should surface contamination of vials be observed in different markets, including Canada? Good manufacturing practices are similar in most markets and there are relatively few manufacturing plants around the world for a given drug. Moreover, no regulatory requirements have been made regarding a maximal permissible level of contamination on the external surfaces of vials or the application of transparent protective films by the manufacturer at the tail end of the manufacturing process. Some manufacturers, however, do proceed with the addition of a protective film at the end of the process for some hazardous drugs available on the Canadian market (e.g. Gemcitabine from Sandoz, oncology products with an Onco-Tainä film from Hospira). Nevertheless, it is very difficult to gather information from suppliers regarding the nature of specific cleaning and decontamination procedures for hazardous drug vials. The presence of contamination on the external surfaces of vials needs to be taken into consideration in pharmaceutical practice and the importance of environmental monitoring combined with a cleaning procedure is highly desirable.
The ASSTSAS guide recommends to wholesalers that a cytotoxic or hazardous drug label, for example, be clearly marked on the outside of the drug transport container in order to indicate to receiving staff that the boxes require the use of personal protection equipment (such as wearing a gown and gloves) during handling (Gallant et al., 2008) . Furthermore, the guide specifies the optimal layout of an unpacking/ reception area as well as the precautions to be taken to avoid accidental exposure in case of breakage or in view of regular shipments. It also suggests the cleaning of vials when stock is received.
Although this measure may reduce contamination, cleaning may nevertheless lead in certain cases to an increase in the risk of breaking vials or damaging the manufacturer's labeling. The addition of another step to the receiving process that would involve washing vials in the hospital pharmacy may, however, be difficult to apply, given the layout and resources available.
Our study's findings reveal the presence of contamination on vials of cyclophosphamide available on the Canadian market for health facilities and the contamination detected may not come from crosscontamination at the hospital, considering the precautions taken during our study (e.g. selection of commercial vials without any breakage noted in packages and delivered directly from the wholesaler to the oncology pharmacy and the change of the gloves changes between each wiping to reduce cross-contamination).
Among the factors that could lead to the contamination of work surfaces, we noted the absence of specific guidelines aimed at decontaminating and cleaning work surfaces and vials contaminated by hazardous drugs. In point of fact, up to now there has been no consensus as to what cleaning solutions or detergents should be used in order to ensure that contaminated surfaces are effectively decontaminated and the exposure of workers in this field is reduced. This is also an issue when it comes to decontaminating contaminated waste produced by handling hazardous drugs prior to destruction. Actually, since 1978, when a program to develop chemical methods for the treatment of waste contaminated by carcinogens was implemented by the International Agency for Research on Cancer (1979) with the support of the Office of Safety of the National Institutes of Health, and 1985, when antineoplastic agents or hazardous drugs were recognized within this program, numerous authors have expressed interest in evaluating the efficacy of various agents used to decontaminate and break down hazardous drugs (Monteith et al., 1987; Lunn et al., 1989; Benvenuto et al., 1993; Castegnaro et al., 1997; Barek et al., 1998; Allwood et al., 2006) . This growing interest has led to the publication of a number of studies aimed at evaluating the decontamination power of various detergents or oxidizing agents such as sodium hypochlorite (NaOCl), hydrogen peroxide and Fenton's reagent. Some of these publications contend that NaOCl is a very effective agent for the elimination of hazardous drug contamination without, however, leading to the production of mutagenic residues (Monteith et al., 1987; Castegnaro et al., 1997; Hansel et al., 1997; Allwood et al., 2002) . Another study completed by Roberts et al. (2006) revealed that the use of a towel wipe soaked in sterile water or an alcohol solution also eliminates the presence of contamination on work surfaces contaminated with fluouracil, cyclophosphamide and doxorubicin. Our decision to use and study the effect of water or soapy water to clean vials was done with the objective of documenting the efficiency of a simple and safe solution that could be applied in the hospital practice.
Their study findings are consistent with those obtained in Phases II and III of our study. In fact, the findings from Phase II of the study demonstrate that simply washing vials with water eliminated the presence of any trace of hazardous drugs on 16 of the 20 cyclophosphamide vials tested and findings from Phase III indicate that cleaning the vials with soapy water and a towel wipe eliminated the presence of contamination on most of the vials. On the other hand, the detection of traces of cyclophosphamide on four of the vials we analyzed in Phase II (4/20) and three of the vials in Phase III (3/30), despite the fact they were cleaned with water or soapy water applied on a towel wipe, confirms just how important it is to identify a cleaning agent that is able to completely eliminate the presence of contamination. It is also important to remember that, during the cleaning process, each tissue was discarded after every four vials. Carryover between the vials could represents a contamination factor and have an impact on the cyclophosphamide concentration detected on the vials. Further studies on the subject need to be performed in order to fully clarify the issue of surface contamination and hazardous drug waste and reduce the risk of exposing healthcare professionals involved in the handling of these agents.
Likewise, it is important to consider that the physical and chemical status of the drug and the initial surface contamination could influence the efficiency of cleaning method. Indeed, we decided to evaluate external contamination by cyclophosphamide because this hazardous drug represent a significant drug used in our oncology pharmacy. Thus, our results cannot Cyclophosphamide contamination observed on the external surfaces of drug vials 769 be extended to all hazardous drugs prepared in pharmacy because water or soapy water is suitable for a hydrophilic drug like cyclophosphamide for removing traces but are probably less effective for removing lipophilic drugs such as taxane. Further studies are required to determine the efficiency of water with a variety of hazardous drugs in the context of a sterile production pharmacy unit. The United States Pharmacopeia has published a Chapter (797) on Pharmaceutical Compounding for Sterile Preparations. Among their recommendations regarding hazardous drugs, they recommend to store separately hazardous products from other inventory in a manner to prevent contamination and personnel exposure. As many hazardous drugs have sufficient vapor pressures that allow volatilization at room temperature, they should be stored preferably within a containment area such as a negative pressure room with sufficient general exhaust ventilation (e.g. at least 12 air changes per hour) and they should be handled with caution at all times using appropriate chemotherapy gloves during receiving, distribution, stocking, inventorying, preparation for administration and disposal. Both National Institute for Occupational Safety and Health Alert and USP 797 reinforce the importance of prevention at all stages to reduce the risk of professional exposure to hazardous drugs (2008) .
This study revealed the presence of contamination on the external surfaces of cyclophosphamide vials from two distinct manufacturers on the Canadian market. Furthermore, the findings obtained in Phases II and III confirm the need for further studies aimed at identifying the most effective agents to successfully decontaminate work surfaces as well as establish clear and precise guidelines for the cleaning process.
This pilot study does however have certain limitations. Besides the limited number of vials that were studied, the surface contamination measured after cleaning in Phase II does not have a value for the prewash contamination. Although the vials used for Phase II came from the same two batches as those used in Phase I, the lowered contamination suggested by our findings still provides indirect proof of the efficacy of the washing technique that we used. Furthermore, we did not test enough vials in Phase III of the study to allow us to draw any general conclusions about the results obtained for each one. The contamination by immersion with a theoretical amount of 20 ng per vial of an aqueous solution of cyclophosphamide in Phase III has only been validated by measuring the initial and the final volume of the solution used at the beginning and at end of the procedure. The immersion technique can result in variable amount of cyclophosphamide on external surfaces of vials. Furthermore, we have evaluated only glass surfaces to compare the efficiency of three cleaning techniques because we were trying to identify cleaning procedure that could be useful to decontaminate the external surface of cyclophosphamide vials. However, in a pharmacy workflow, cyclophosphamide can also contaminate other surfaces such as floors and shelves made of laminate, stainless steel or plastic. Moreover, it is important to note that our sampling method have been validated only on laminate surfaces by using Wypall tissue with a solution of methanol in specific concentration. No validation test has been performed on vials or glass bottles.
CONCLUSION
This pilot study demonstrates the presence of contamination on the external surfaces of cyclophosphamide vials from two manufacturers on the Canadian market. It suggests that cleaning vials from manufacturers and wholesalers may help to reduce the risk of occupational exposure. There is a need for a pilot study to establish guidelines on decontamination agents and cleaning process to eliminate the presence of contamination on vial surfaces.
